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WETTABLE ARTICLE 



Background of the invention 

5 The present invention relates to an article, such as a 

film or a fibrous web. 

Polymers are used extensively to make a variety of 
products which include blown and cast films, extruded sheets, 
injection molded articles, foams, blow molded articles 
10 extruded pipe, monofilaments, and nonwoven webs Some of 
such polymers, such as polyolef ins, are naturally hydrophobic, 
and for many uses this property is either a positive attribute 
or at least not a disadvantage. 

There are a number of uses for polymers, however, where 
15 their hydrophobic nature either limits their usefulness or 
requires some effort to modify the surface characteristics of 
the articles made therefrom. By way of example, polyolefins, 
such as polyethylene and polypropylene, are used to manufac- 
ture polymeric fabrics which are employed in the construction 
20 of such disposable absorbent articles as diapers; incontinent 
care products; feminine care products, such as sanitary 
napkins and tampons; filter elements; wipes; surgical gowns 
and drapes; protective pads; wound dressings, such as 
bandages; and the like. Such polymeric fabrics often are 
25 nonwoven webs prepared by, for example, such processes as 
m eltblowing, coding, and spunbonding. Frequently such 
polymeric fabrics need to be wettable by water. Wettability 
can be obtained by spraying or otherwise coating (i.e., 
surface treating or topically treating) the fabric with a 
30 surfactant solution during or after its formation, and then 

drying the web. 

Some of the more common topically applied surfactants are 

nonionic surfactants, such as polyethoxylated octylphenols and 

condensation products of propylene oxide with propylene 
35 glycol, by way of illustration only. These surfactants are 
^ effective in rendering normally hydrophobic polymeric fabrics 

wettable. However, the surfactant is readily removed from the 
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fabric, often after only a single exposure to an aqueous 
liquid. 

Substantial efforts have been directed to increasing the 
durability of surfactants which are topically applied to a 
polymeric fabric. Such efforts include the following, by way 
of illustration: 

(1) use of a composition which includes water, a primary 
surfactant, and a cosurfactant which is functional to wet the 
fabric with the composition and which provides for substan- 
tially uniform distribution of the primary surfactant onto the 
polymeric fabric; 

(2) use of a surfactant, with or without a nonionic 
cosurfactant, which is the reaction product of an acid 
anhydride derivative, such as a substituted succinic an- 
hydride, with a polyhydroxy compound, such as sorbitol, a 
polyethylene glycol, triethanolamine, a polyhydroxyamine, 
certain primary and secondary amines, and certain unsaturated 
aliphatic sulfo compounds; 

(3) use of a surfactant, with or without a nonionic 
cosurfactant, which is the reaction product of certain 
unsaturated aliphatic sulfo compounds with the reaction 
product of an acid anhydride derivative, such as a substituted 
succinic anhydride, with a polyamine having at least one NH 
group capable of addition to a double bond; 

(4) use of a surfactant mixture which includes an ester- 
acid, ester salt, or a mixture thereof, and an amidic-acid, 
aroidic salt, or mixture thereof, with or without a nonionic 
cosurfactant; and 

(5) use of a surfactant mixture which includes a sorbitol 
succinate surfactant, such as an ethoxylated amino sorbitol 
succinate salt or an alkenyl succinate anhydride ethoxylated 
fatty amine salt, and a cowetting aid which can be, for 
example, a silicone polyether or a primary or secondary 
alcohol having up to about 8 carbon atoms. 

In addition to water wettability, many absorbent, i.e., 
porous, products are concerned with, at least to some degree, 
the rate at which the aqueous liquid penetrates the porous 
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product. For example, when the porous product is a nonwoven 
web or other fibrous material, the liquid must penetrate 
between the fibers of the web. A porous substrate in which 
an aqueous liquid penetrates at a rapid rate will be more 
5 effective in absorbing large volumes of liquid delivered over 
a short period of time, and, as a consequence, more effective 
in preventing or minimizing leakage. Furthermore, a porous 
substrate which quickly absorbs liquid will allow other 
components of an absorbent product to more effectively move 
10 liquid away from the locus of liquid insult to the remainder 
of the absorbent product. Therefore, more of the absorbent 
product will be available for absorption of the liquid. 

It is known that the rate of penetration of a liquid into 
a porous substrate is directly proportional to the surface 
15 tension of the liquid and the cosine of the contact angle that 
the liquid makes with the surface of the substrate (see, e.g., 
A. w. Adamson, Chapter XIII, "Wetting, Flotation, and 
Detergency" in "Physical Chemistry of Surfaces," Fifth 
Edition, John Wiley & Sons, New York, 1990, pp. 495-496). 
20 Lowering the surface tension of the liquid, therefore, has an 
adverse effect on the rate of liquid penetration. That is, 
when the surface tension of the liquid is decreased, the 
driving force of liquid penetration also is decreased. The 
cosine of the contact angle, on the other hand, is at a 
25 maximum value of 1 when the contact angle is zero. As the 
contact angle increases, the cosine decreases, approaching 
zero as the contact angle approaches 90°. 

The methods of making a polymeric substrate wettable as 
described above all involve reducing the surface tension of 
30 the liquid to a value which is approximately the same as or 
lower than the surface free energy of the substrate to be 
wetted by the liquid. Such methods also lower the contact 
angle. However, as already noted, lowering both the surface 
tension of the liquid and the contact angle is counterproduc- 
35 tive with respect to the rate of liquid penetration. Thus, 
there is a need for materials which are wettable and exhibit 
a rapid uptake of liquid. 
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The present invention addresses some of the difficulties 
and problems discussed above by providing a wettable article 
5 which also has a rapid rate of liquid penetration. Wet- 
tability and rapid liquid penetration properties are achieved 
by minimizing the reduction in the surface tension of an 
aqueous liquid coming in contact with the article while 
maintaining. a small contact angle that the liquid makes with 
10 the surface of the article. 

Accordingly, the present invention provides a wettable 
article consisting of an article with a hydrophobic surface 
having a coating which includes a surface free energy modifier 
and a surface-active agent. The hydrophobic surface may be 
15 composed of a hydrophobic polymer. The surface free energy 
modifier has a surface free energy greater than that of the 
surface of the article, but less than the surface tension of 
an aqueous liquid to which the wettable article may be 
exposed, and desirably is present in an amount sufficient to 
20 substantially cover the surface of the article. The surface- 
active agent is present in an amount effective to lower the 
surface tension of the liquid to a value which is greater than 
the surface free energy of the surface of the article and 
equal to or less than the surface free energy of the surface 
25 free energy modifier. 

The article may be, by way of example only, a film or a 
fibrous sheet. The fibrous sheet may be a woven or nonwoven 
web. 

The hydrophobic polymer may be, by way of example, a 
30 polyolefin. Typical polyolefins are polyethylene and 
polypropylene. Also by way of example, the surface free 
energy modifier may be a protein and the surface-active agent 
may be a polyethoxylated alkylphenol . 

The present invention also provides a method of preparing 
35 a wettable article. The method involves forming an article 
by melt extrusion, at least a portion of which is formed from 
a polymeric composition which includes a hydrophobic polymer 
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and a surface-active agent adapted to migrate to a surface of 
the article; and coating the surface of the article with a 
surface free energy modifier. 

By way of example, the surface free energy modifier may 
5 have a surface free energy greater than that of the surface 
of the article, but less than the surface tension of an 
aqueous liquid to which the wettable article may be exposed. 
As another example, the surface free energy modifier may be 
present in an amount sufficient to substantially cover the 
10 surface of the article. 

The method may include the additional step of causing the 
surface-active agent to migrate to the surface of the article 
in an amount effective to lower the surface tension of the 
liquid to a value which is greater than the surface free 
15 energy of the surface of the article and equal to or less than 
the surface free energy of the surface free energy modifier. 

The present invention further provides a method of 
preparing a wettable article which involves forming an article 
by melt extrusion, wherein the article has a hydrophobic 
20 surface; coating the surface of the article with a surface 
free energy modifier; and treating the coated article with a 
surface-active agent. For example, the surface free energy 
modifier may have a surface free energy greater than that of 
the surface of the article, but less than the surface tension 
25 of an aqueous liquid to which the wettable article may be 
exposed. As another example, the surface-active agent may be 
present in an amount effective to lower the surface tension 
of the liquid to a value which is greater than the surface 
free energy of the surface of the article and equal to or less 
than the surface free energy of the surface free energy 
modifier. 

The wettable article of the present invention may be 
employed as a component of a disposable absorbent product. 
The disposable absorbent product may be, for example, a 
diaper, a feminine care product, or an incontinent product. 
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Detailed Description of the Invention 



As used herein, the terms "article" and "product" are 
synonyms and are meant to include any article or product which 
is formed by a melt-extrusion process, regardless of the size 
or shape of the article. As a practical matter, the present 
disclosure is directed primarily to melt-extruded films, 
fibers, and nonwoven webs comprised of such fibers. Neverthe- 
less, other articles or products are deemed to come within the 
spirit and scope of the present invention. 

In those embodiments in which the article is a nonwoven 
web, such nonwoven web in general can be prepared by any of 
the means known to those having ordinary skill in the art. 
For example, the nonwoven web can be prepared by such 
processes as meltblowing, coforming, spunbonding, hydroentan- 
gling, carding, air-laying, and wet-forming. 

The nonwoven web more typically will be a nonwoven web 
prepared by meltblowing, coforming, spunbonding, and the like. 
By way of illustration only, such processes are exemplified 
by the following references which are incorporated herein by 
reference: 

(a) meltblowing references include, by way of example, 
U.S. Patent Nos. 3,016,599 to R. W. Perry, Jr., 3,704,198 to 
J. S. Prentice, 3,755,527 to J. p. Keller et al., 3,849,241 
to R. R. Butin et al., 3,978,185 to R. R. Butin et al. , and 
4,663,220 to T. J. Wisneski et al. See, also, V. A. Wente, 
"Superfine Thermoplastic Fibers", Industrial and Engineering 
Chemistry , Vol. 48, No. 8, pp. 1342-1346 (1956); V. A. Wente 
et al., "Manufacture of Superfine Organic Fibers", Navy 
Research Laboratory, Washington, D.C., NRL Report 4364 
(111437), dated May 25, 1954, United States Department of 
Commerce, Office of Technical Services; and Robert R. Butin 
and Dwight T. Lohkamp, "Melt Blowing - A One-Step Web Process 
for New Nonwoven Products", Journal o£ the Technical Associa- 
ilon fif the. Pulp and Paper Industry . Vol. 56, No. 4, pp. 74- 
77 (1973); 
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(b) coforming references include U.S. Patent Nos. 
4,100,324 to R. A. Anderson et al. and 4,118,531 to E. R. 
Hauser; and 

(c) spunbonding references include, among others, U.S. 
Patent Nos. 3,341,394 to Kinney, 3,655,862 to Dorschner et 
al., 3,692,618 to Dorschner et al., 3,705,068 to Dobo et al. , 
3,802,817 to Matsuki et al., 3,853,651 to Porte, 4,064,605 to 
Akiyama et al., 4,091,140 to Harmon, 4,100,319 to Schwartz, 
4,340,563 to Appel and Morman, 4,405,297 to Appel and Morman, 
4^434,204 to Hartman et al., 4,627,811 to Greiser and Wagner, 
and 4,644,045 to Powells. 

The term "hydrophobic polymer" is used herein to mean any 
polymer resistant to wetting, or not readily wet, by water, 
i.e., having a lack of affinity for water. A hydrophobic 
polymer typically will have a surface free energy of about 40 
dynes/cm (40 x 10* newtons/cm or N/cm) or less. Examples of 
hydrophobic polymers include, by way of illustration only, 
polyolefins, such as polyethylene, poly (isobutene) , poly(iso- 
prene), poly (4-methyl-l-pentene) , polypropylene, ethylene- 
propylene copolymers, ethylene-propylene-hexadiene copolymers, 
and ethylene-vinyl acetate copolymers; styrene polymers, such 
as poly(styrene), poly (2 -methyl styrene ) , styrene-acrylonitrile 
copolymers having less than about 20 mole-percent acryloni- 
trile, and styrene-2,2,3,3,-tetrafluoropropyl methacrylate 
copolymers; halogenated hydrocarbon polymers, such as 
poly(chlorotrifluoroethylene) , chlorotrif luoroethylene- 
tetrafluoroethylene copolymers, poly (hexaf luoropropylene) , 
poly(tetrafluoroethylene), tetraf luoroethylene-ethylene 
copolymers, poly (trif luoroethylene) , polyvinyl fluoride) , and 
poly(vinylidene fluoride); vinyl polymers, such as polyvinyl 
butyrate), poly (vinyl decanoate) , poly (vinyl dodecanoate) , 
polyvinyl hexadecanoate) , polyvinyl hexanoate) , polyvinyl 
propionate), poly (vinyl octanoate) , poly (heptaf luoroisopro- 
poxyethylene) , 1-heptaf luoroisopropoxymethylethylene-maleic 
acid copolymers, poly (heptaf luoroisopropoxypropylene) , 
poly(methacrylonitrile), polyvinyl alcohol), poly (vinyl 
butyral), poly (ethoxyethylene) , poly (me thoxy ethylene ) , and 
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poly(vinyl formal); acrylic polymers, such as poly(n-butyl 
acetate), poly(ethyl aery late ), poly [ (1-chlorodif luoromethyl) - 
tetrafluoroethyl acrylate], poly [di (chlorof luoromethyl) f luoro- 
methyl acrylate] , poly (1, 1-dihydroheptaf luorobutyl acrylate) , 
poly ( 1 , 1-dihydropentaf luoroisopropyl acrylate) , poly (1,1- 
dihydropentadecaf luorooctyl acrylate) , poly (heptaf luoroiso- 
propyl acrylate) , poly [5- (heptaf luoroiospropoxy)pentyl 
acrylate], poly [11- (heptaf luoroiospropoxy)undecyl acrylate], 
poly [2- (heptaf luoropropoxy) ethyl acrylate] , and poly(nona- 
f luoroisobutyl acrylate) ; methacrylic polymers, such as 
poly (benzyl methacrylate) , poly (n-butyl methacrylate) , 
poly (isobutyl methacrylate) , poly (t- butyl methacrylate) , 
poly(t-butylaroinoethyl methacrylate) , poly(dodecyl methacryl- 
ate) , poly(ethyl methacrylate), poly (2-ethylhexyl methacryl- 
ate) , poly (n-hexyl methacrylate) , poly (dimethylaminoethyl 
methacrylate) , poly (hydroxyethyl methacrylate) , poly (phenyl 
methacrylate) , poly (n-propyl methacrylate) , poly (octadecyl 
methacrylate), poly (1, 1-dihydropentadecaf luorooctyl methacryl- 
ate), poly (heptaf luoroisopropyl methacrylate) , poly (heptadeca- 
f luorooctyl methacrylate) , poly ( 1-hydrotetraf luoroethyl 
methacrylate) , poly (l , 1-dihydrotetraf luoropropyl methacryl- 
ate) , poly (1-hydrohexaf luoroisopropyl methacrylate) , and 
poly (t-nonaf luorobutyl methacrylate); polyethers, such as 
poly (chloral) , poly (oxybutene)diol, poly (oxyisobutene) diol, 
poly (oxydecamethylene) , poly (oxyethylene) -dimethyl ether 
polymers having molecular weights below about 1,500, poly(oxy- 
hexamethylene)diol, poly (oxypropylene) diol, poly (oxy propyl- 
ene) -dimethyl ether, and poly (oxytetramethylene) ; polyether 
copolymers, such as poly (oxyethylene) -poly (oxypropylene) - 
poly (oxyethylene) block copolymers, oxyethylene-oxypropylene 
copolymers having greater than about 20 mole percent oxy- 
propylene , oxytetramethylene-oxypropy lene copolymers , and 
block copolymers having oxyethylene-oxypropylene copolymer 
blocks separated by a poly (oxydimethylsilylene) block; 
polyamides, such as poly [ imino (1-oxodecamethylene) ] , poly- 
[imino(l-oxododecamethylene) ] or nylon 12, poly [imino(l- 
oxohexamethylene) ] or nylon 6, poly [imino (1-oxotetramethyl- 
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ene)] or nylon 4, poly (iminoazelaoyliminononamethylene) , 
poly(iminosebacoyliminodecamethylene), and poly ( iminosuberoy 1- 
iminooctamethylene) ; polyimines, such as poly[ (benzoy limine) - 
ethylene], poly [ (butyry limine) ethylene] , polyt (dodecanoyl- 
imino) ethylene] , (dodecanoylimino) ethylene- (acety limine) tri- 
methylene copolymers, poly [ (heptanoylimino) ethylene] , 
poly[ (hexanoylimino) ethylene] ,poly{ [ (3-methyl) butyrylimino]- 
ethylene) , poly[ (pentadecaf luorooctadecanoy limine) ethylene] , 
and polyt (pentanoy limine) ethylene]; polyurethanes, such as 
those prepared from methyl enediphenyl diisocyanate and 
butanediol poly ( oxy tetramethy lene) diol , hexamethy lene 
diisocyanate and triethylene glycol, and 4-methyl-l, 3- 
phenylene diisocyanate and tripropylene glycol; polysiloxanes, 
such as poly(oxydimethylsilylene) and poly < oxymethylpheny 1- 
silylene); and cellulosics, such as amylose, amylopectin, 
cellulose acetate butyrate, ethyl cellulose, hemicellulose, 
nitrocellulose, and starch. 

As stated earlier, the wettable article of the present 
invention includes an article having a surface composed of a 
hydrophobic polymer. Thus, the term "surface" is used herein 
to mean that portion of the total surface area of the article 
which is composed of a hydrophobic polymer. The surface of 
the article may encompass the entire surface area of the 
article or only a portion thereof. For example, when the 
article is a nonwoven web, the fibers of which the web is 
composed may be prepared from a single hydrophobic polymer. 
Alternatively, such fibers may be bicomponent fibers, in which 
one component is a hydrophobic polymer and the other component 
is a different hydrophobic polymer or a nonhydrophobic 
polymer, e.g., a hydrophilic polymer. The fibers may be 
sheath-core bicomponent fibers, in which case the sheath 
typically would be composed of a hydrophobic polymer. The 
fibers also may be side-by-side bicomponent fibers. Moreover, 
the fibers of which the nonwoven web is composed may have a 
circular or a noncircular cross-section. The fibers also may 
be polycomponent fibers, provided at least one component is 
a hydrophobic polymer. 
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The surface of the article of the present invention has 
a coating thereon. The coating includes a surface free energy 
modifier and a surface-active agent. The surface free energy 
modifier has a surface free energy greater than that of the 
surface of the article, but less than the surface tension of 
an aqueous liquid to which the wettable coated article may be 
exposed, and is present in an amount sufficient to substan- 
tially cover the surface of the article. That is, the surface 
of the article is covered with the surface free energy 
modifier to an extent such that the surface free energy of the 
portion of the article upon which the liquid impinges is the 
surface free energy of the surface free energy modifier, 
rather than the surface free energy of the hydrophobic 
polymer. 

The surface free energy modifier may be any material 
which has a surface free energy greater than that of the 
surface of the article, but less than the surface tension of 
an aqueous liquid to which the wettable coated article may be 
exposed. Desirably, the surface free energy modifier will not 
be removed readily by the liquid environment. For example, 
when the hydrophobic polymer of which the surface is composed 
is a polyolefin, such as polypropylene, the surface free 
energy modifier may be a protein. The protein desirably will 
have a weight average molecular weight of at least about 
10,000 Daltons. Examples of such proteins include, by way of 
illustration only, fibrinogen, such as baboon plasma fibrino- 
gen, bovine plasma fibrinogen; cat plasma fibrinogen, dog 
plasma fibrinogen, goat plasma fibrinogen, guinea pig plasma 
fibrinogen, horse plasma fibrinogen, human plasma fibrinogen, 
mouse plasma fibrinogen, pig plasma fibrinogen, rabbit plasma 
fibrinogen, rat plasma fibrinogen, and sheep plasma fibrino- 
gen; albumin, such as baboon albumin, bovine albumin, cat 
albumin, chicken albumin, chicken egg albumin, dog albumin, 
goat albumin, guinea pig albumin, hamster albumin, horse 
albumin, human albumin, mouse albumin, pig albumin, rabbit 
albumin, rat albumin, rhesus monkey albumin, sheep albumin, 
turkey albumin, and turkey egg albumin; casein, such as bovine 
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milk casein, goat milk casein, human milk casein, sheep milk 
casein, and a-, B- and kappa-casein from bovine milk; 
hemoglobin, such as baboon hemoglobin, bovine hemoglobin, cat 
hemoglobin, dog hemoglobin, garter snake hemoglobin, goat 
hemoglobin, horse hemoglobin, human hemoglobin, mouse 
hemoglobin, pig hemoglobin, pigeon hemoglobin, rabbit 
hemoglobin, rat hemoglobin, sheep hemoglobin, and tukey 
hemoglobin; and lysozyme, such as chicken egg white lysozyme, 
human milk lysozyme, and turkey egg white lysozyme. 

The surface of the article may be coated with the surface 
free energy modifier by any known means. For example, the 
surface free energy modifier may be simply adsorbed onto the 
surface of the article. As another example, the surface free 
energy modifier may be covalently bonded to the surface. As 
still another example, the surface of the article may be 
modified to assist or enhance either adsorption or covalent 
bonding. Thus, the surface may be exposed to a corona or 
plasma field or to electron beam or other ionizing radiation 
to aid either the adsorption or covalent bonding of the 
surface free energy modifier to the surface of the article; 
see, for example, U.S. Patent Nos. 4,238,291 to Lowther, 
3,754,117 to Walter, and 5,102,738 to Bell et al., each of 
which is incorporated herein by reference. 

The term "surface-active agent" is used herein with its 
usual meaning and includes a single surface-active agent or 
a mixture of two or more surface-active agents. If a mixture 
of two or more surface-active agents is employed, the agents 
may be selected from the same or different classes, provided 
only that the agents present in the mixture are compatible 

with each other. 

In general, the surface-active agent is present in the 
coating in an amount effective to lower the surface tension 
of the liquid to a value which is greater than the surface 
free energy of the surface of the article and equal to or less 
than the surface free energy of the surface free energy 
modifier. 
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The surface-active agent may be any surface active agent 
known to those having ordinary skill in the art, including 
anionic, cationic, and nonionic surfactants. Examples of 
anionic surfactants include, among others, linear and 
branched-chain sodium alkylbenzenesulf onates, linear and 
branched-chain alkyl sulfates, and linear and branched-chain 
alkyl ethoxy sulfates. Cationic surfactants include, by way 
of illustration, tallow trimethylammonium chloride. Examples 
of nonionic surfactants, include, again by way of illustration 
only, alkyl polyethoxylates; polyethoxylated alkylphenols; 
fatty acid ethanol amides; polysiloxane polyethers; and 
complex polymers of ethylene oxide, propylene oxide, and 
alcohols. Desirably, the surfactant will be a nonionic 
surfactant. 

One method of the present invention for preparing a 
wettable article involves forming an article by melt ex- 
trusion, at least a portion of which is formed from a 
polymeric composition which includes a hydrophobic polymer and 
a surface-active agent adapted to migrate to the surface of 
the article. The presence of surface-active agent on the 
surface of the article immediately after its formation is 
acceptable, provided that (a) such presence does not sig- 
nificantly adversely interfere with the coating of the surface 
with a surface free energy modifier, described hereinafter, 
and (b) the coating of the surface with a surface free energy 
modifier results in a wettable article as defined herein. 
Desirably, migration of the surface-active agent takes place 
only after a migration-inducing, post-formation event, as 
described hereinafter. 

The amount of surface-active agent included in the 
hydrophobic polymer may vary over a wide range. For example, 
the surface-active agent may be present in an amount of from 
about 0.01 to about 3 percent by weight, based on the 
hydrophobic polymer. As a further example, the surface- 
active agent may be present in an amount of from about 0.01 
to about 1 percent by weight, based on the hydrophobic 
polymer. As still another example, when the surface-active 
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agent is a polyethoxylated alkylphenol, the surface-active 
agent typically will be present in an amount of from about 
0.05 to about 0.4 percent by weight, based on the hydrophobic 
polymer. Notwithstanding the foregoing ranges, the use of any 
amount of surface-active agent which results in a wettable 
surface is deemed to come within the scope of the present 
invention, provided that (a) the surface-active agent present 
on the surface does not significantly adversely interfere with 
the coating of the surface with a surface free energy modifier 
or (b) an amount of surface-active agent remains in the 
hydrophobic polymer which may be induced to migrate to the 
surface as described herein. If the presence of surface- 
active agent on the surface significantly interferes with the 
coating of the surface with a surface free energy modifier, 
the agent may be removed by, for example, washing the article 
with water before a coating procedure is carried out. 

As noted above, the surface of the article is coated with 
a surface free energy modifier having a surface free energy 
greater than that of the surface of the article, but less than 
the surface tension of an agueous liquid to which the wettable 
coated article may be exposed, in an amount sufficient to 
substantially cover the surface of the article. The coating 
may be applied by means which are well known to those having 
ordinary skill in the art, depending upon the nature of the 
modifier. For example, the surface may be coated with a 
protein by a simple topical treatment, such as dipping, 
spraying, brushing, direct and offset gravure printing, and 

doctor blading. 

in the event the coating step removes the surface-active 
agent from the surface of the article, or the wettable article 
of the present invention does not result from the coatxng 
step, an additional step may be employed. The additional step 
involves causing the surface-active agent by a migration- 
inducing, post-formation event to migrate to the surface of 
the article in an amount effective to lower the surface 
tension of the liquid to a value which is greater than the 
surface free energy of the surface of the article and equal 
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to or less than the surface free energy of the surface free 
energy modifier. An example of such a post-formation event 
is the coating of the surface with the surface free energy 
modifier, e.g., a protein. However, the migration of the 
surface-active agent after coating the surface is not rapid, 
and may require days or even weeks or months at ambient 
temperature (i.e., 20°-25«C) . The migration may be expedited 
by heating the coated article at a temperature up to the 
temperature at which either the surface free energy modifier 
or the article begins to degrade. The time the coated article 
is heated depends on the temperature, with heating time being 
inversely proportional to the heating temperature. For 
example, the coated article may be heated at a temperature of 
from about 50°C to about 100°C for from about 30 minutes to 
about 10 hours. 

Another method of the present invention for preparing a 
wettable article involves forming an article by melt ex- 
trusion, in which the article has a surface consisting of a 
hydrophobic polymer. The surface of the article is coated 
with a surface free energy modifier having a surface free 
energy greater than that of the surface of the article, but 
less than the surface tension of an aqueous liquid to which 
the wettable coated article may be exposed, in an amount 
sufficient to substantially cover the surface of the article. 
The coated article then is treated with a surface-active agent 
in an amount effective to lower the surface tension of the 
liquid to a value which is greater than the surface free 
energy of the surface of the article and equal to or less than 
the surface free energy of the surface free energy modifier. 

The present invention is further described by the 
examples which follow. Such examples, however, are not to be 
construed as limiting in any way either the spirit or the 
scope of the present invention. The water employed in the 
examples was distilled, deionized water having an uncorrected 
surface tension of 72.5 dynes/cm (72.5 x 10" 5 newtons/cm) as 
determined by means of a Fisher Scientific Surface Tensiometer 
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20 using a platinum-iridium du Nouy ring (Fisher Scientific 
Company, Pittsburgh, Pennsylvania) . 

Example 1 

Two types of a polypropylene spunbonded nonwoven web were 
prepared essentially as described in U.S. Patent No. 3,802,817 
to Matsuki; each web had a basis weight of 0.8 ounces per 
square yard or osy (about 27 grains per square meter or gsm) . 
The first, referred to herein as Web A, was prepared from 
polypropylene which contained 0.13 percent by weight, based 
on the weight of polypropylene, of internally added surface- 
active agent, Triton® X-102 (Rohm and Haas Co., Philadelphia, 
Pennsylvania) . The second, Web B, did not contain internally 
added surfactant, but was otherwise identical to Web A. Each 
web was cut into samples 7 inches cross direction (CD) by 10 
inches machine direction (MD) (about 18 cm CD x 25 cb MD). 
Samples of each web were soaked individually for 7.5 minutes 
in 500 ml aliquots of 20 mM pH 7 sodium phosphate buffer 
containing 0.2 mg of bovine fibrinogen source as supplied 
(Fraction I, Type IV, 58 percent protein, Catalog No. F4753, 
Sigma Chemical Company, St. Louis, Missouri) per ml of buffer. 
The soaked samples were identified as 1A1 and 1B1, respective- 
ly. Two samples were soaked per 500 ml aliquot and a total 
of eight samples were prepared. One sample of each web was 
additionally rinsed in water for 10 to 30 seconds, then passed 
through an Atlas Laboratory Wringer with a 30-lb (13.6-kg) nip 
setting (Atlas Electric Devices Company, Chicago, Illinois); 
the samples were identified as 1A2 and 1B2, respectively. 
Another sample of each web was nipped following the fibrinogen 
soak, then rinsed in water and nipped a second time and 
identified as 1A3 and 1B3, respectively. Samples were hung 
in a fume hood to dry overnight. After drying, each sample 
was cut in half and one half hung in a 70«>C oven for about 
seven hours. 

The critical surface tension of wetting (CSTW) for each 
sample, before and after heating, was determined by placing 
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3-6 drops of Politest surface tension liquids (Pillar 
Technologies, Hart land, Michigan) on each web. The web was 
deemed wettable if the drops spread significantly or penetrat- 
ed the web within one minute. The surface tension of the 
Politest liquid which wet the web was recorded. When water 
was the test fluid, the degree of wettability was recorded. 
Wetting was deemed immediate if the penetration of all of the 
drops occurred in less than one second. Wetting was charac- 
terized as partial when some regions of the sample were 
wettable by water and other regions were not. The results are 
summarized in Table 1. 



Table l 

Summary of cstw Determinations 

Sample. CSTW before heatipq' CSTW after teaming! 



Web A 36 37 

1A1 58 Immediately wettable 

1A2 58 Immediately wettable 

1A3 58 Immediately wettable 

Web B 36 36 

IBl 58 40-50 b 

1B2 58 40-50 b 

1B3 56-64 b 40 



"in dynes/cm (10 5 newtons/cm) . 

''The sample was not wettable at the higher 

value, but was wettable at the lower value. 

Insufficient sample was available to test 

with Politest surface tension liquids having 

intermediate values. 



It is apparent that the f ibrinogen-coated samples 
prepared from Web A, which contained a small quantity of a 
surface-active agent, Triton® X-102, became water wettable 
upon heating, whereas f ibrinogen-coated Web B samples (lacking 
the surface-active agent) did not become water wettable upon 
heating. Note that the fibrinogen, a surface free energy 
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modifier, raised the surface free energy of the web from that 
of polypropylene (i.e., 36 dynes/cm or 36 x 10 5 newtons/cm) 
to 58 dynes/cm or 58 x 10 5 newtons/cm. Heating the fibrino- 
gen-coated, surface-active agent-containing webs caused the 
surface-active agent to migrate to the surface of the web, 
thereby rendering the web wettable with water. However, in 
the absence of the surface free energy modifier, the surface- 
active agent did not migrate to the surface in an amount 
sufficient to render the web water wettable. 

Example 2 

A 3-inch x 3-inch (about 8-cm x 8-cm) portion of Sample 
1A1 from Example 1 was heated in a 70°C oven for about 7 hours 
and identified as Sample 2A2. The sample then was soaked in 
80 ml of distilled, deionized water for about 25 hours and 
identified as Sample 2A3. The sample was heated again in a 
70°C oven for about 7 hours and identified as Sample 2A4 . Two 
small regions about 1 cm 2 in size were removed from the sample 
after each of the above procedures and subjected to electron 
spectroscopy for chemical analysis (ESCA) . The ESCA data were 
collected by Evans East, Plainsboro, New Jersey. A sample of 
original Web A (described in Example 1) also was characterized 
by ESCA, and served as a control. The wettability of Sample 
1A1 before and after each procedure (i.e., heat or soak) was 
evaluated as described in Example 1. The results are 
summarized in Table 2. 

Table 2 

Summary of CSTW and ESCA Determinations 

FsrA tatom % ratio) 

Sample CSTW* N/C 0/C 

Web A 36 0.00 0.03 

1A1 58 0.17 0.30 

2A2 immediately wet 0.11 0.28 
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Table 2, Continued 

ESCA fatom % ration 

Sample CSTW* N/C O/C 

2A3 60 0.17 0.27 

2A4 Partially wet 0.14 0.28 

8 In dynes/cm (10 5 newtons/cm) . 

Web A, it will be remembered from Example 1, was made 
from polypropylene containing a small amount of a surface- 
active agent. Coating the web with fibrinogen (Sample 1A1) 
resulted in a web having a higher surface free energy, 
although the web still was not wettable with water. Sample 
2A2, obtained by heating Sample 1A1, was immediately water 
wettable. Water wettability, however, was lost upon soaking 
the sample (Sample 2A3) . Heating Sample 2 A3 to give Sample 
2A4 resulted in partial wettability. 

It is apparent that the soaking step did not remove the 
fibrinogen coating from the web; compare the CSTW results for 
Samples 1A1 and 2A3, in which CSTW values of 58 and 60, 
respectively, were obtained. This conclusion also is 
supported by the ESCA data in which the N/C ratios for the two 
samples were the same. The N/C ratios also indicate the 
migration of surf ace-active agent to the surface after the 
first heating step (the change from 0.17 to 0.11 for Samples 
1A1 and 2A2, respectively, suggests that the surface-active 
agent is associated with the fibrinogen coating) , the removal 
of the agent by the soaking step (the change from 0.11 to 0.17 
for Samples 2A2 and 2A3 , respectively), and the migration of 
an additional but smaller amount of surface-active agent after 
the second heating step (the change from 0.17 to 0.14 for 
Samples 2A3 and 2A4, respectively). 

Example 3 

The procedure of Example 2 was repeated, except that 
Sample 1A1 from Example 1 was replaced with Sample 1A3 from 
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Example 1 (Sample 1A3 was a nonwoveh web prepared from 
polypropylene containing an internally added surface-active 
agent and which had been treated with an aqueous fibrinogen 
solution, nipped, rinsed in water, and nipped again). The 
sample was heated in a 70'C oven for about 7 hours, soaked in 
80 ml distilled, deionized water (designated 3/lA3/h) for 
about 25 hours, air dried, heated again in a 70«>C oven for 
another 7 hours, and soaked a final time in a fresh 80 ml 
aliquot of distilled, deionized water (designated 3/lA3/hsh) 
for 24 hours. The surface tension of the soak water was 
measured before and after the fabric was soaked by means of 
a Fisher Scientific Surface Tensiometer 20 using a platinum- 
iridium du Nouy ring (Fisher Scientific Company, Pittsburgh, 

Pennsylvania) . 

A sample of Web A (described in Example 1) also was 
heated at 70»C for 7 hours and then soaked for about 25 hours 
in water (designated Web A/h) to provide a control. Because 
Web A was not wettable by water, it was suspended below the 
surface of the water with a weight (steel nut) . The surface 
tension of the soak water before and after the web was soaked 
was determined with the weight present. 

The data are summarized in Table 3. 

Table 3 

summary of Surface Tension Data 

surfac e Tension" 



soak Water Before Soak After Soak 

3/lA3/h 72.8 62.8 

3/lA3/hsh 72.4 70.2 

Web A/h 72.5 70.8 

"in dynes/cm (10 5 newtons/cm) . 

The decrease in the soak water surface tension after 
Sample 1A3 and Web A were heated and soaked indicates that 
surface-active agent was present at the sample or web surfaces 
and dissolved in the soak water during the soaking process; 
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see the results for soak water 3/lA3/h and soak water Web/A/h, 
respectively. The results indicate that the fibrinogen 
coating on Sample 1A3 contributed to the increased migration 
of the surface-active agent to the surface of the sample when 
compared to Web A. Also, the surface tension data for the 
first and second soaks for Sample 1A3 suggest that less 
surface-active agent is available at the surface of the web 
after the second heating. This is consistent with the 
decrease in water wettability found after soaking and then 
heating Sample 1A1 for the second time as shown in Example 2 
(see the results for Samples 2A2 and 2A4). 

Example 4 

The procedure of Example 1 was repeated to produce 
f ibrinogen-coated samples of Webs A and B. Web A was prepared 
from polypropylene which contained 0.13 percent by weight, 
based on the weight of polypropylene, of internally added 
surface-active agent, Triton® X-102. Web B did not contain 
internally added surfactant, but was otherwise identical to 
Web A. Each web was prepared essentially as described in U.S. 
Patent No. 3,802,817 to Matsuki and each web had a basis 
weight of 0.8 osy (about 27 gsm) . Each web was cut into 
samples 7 inches CD by 10 inches MD (about 18 cm CD x 25 cm 
MD) . Samples of each web were soaked individually for 5 
minutes in 500 ml aliquots of 20 mM pH 7 sodium phosphate 
buffer containing 0.2 mg of bovine fibrinogen source as 
supplied (Fraction I, Type IV, 58 percent protein, Catalog No. 
F4753, Sigma Chemical Company, St. Louis, Missouri) per ml of 
buffer. The soaked samples were identified as 4A1 and 4B1, 
respectively. Each sample was air dried in a fume hood. The 
samples were stored (aged) at ambient temperature and the 
critical surface tension of wetting (CSTW) for each of Samples 
4A1 and 4B1 was measured over time. Web A was included as a 
control. The results are summarized in Tables 4-6, inclusive. 
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Table 4 

Effect of Aging on Sample 4A1 



Aaina Period 8 


CSTW* 3 


Water wettability 


0 


N/D c 


Not wettable 


2 


64 


N/D 


15 


70 


N/D 


30 


N/D 


Partially wettable 


163 


N/D 


Immediately wettable 



"in days. 

b In dynes/cm (10* 5 newtons/cm) . 
c Not determined. 

Table 5 

Effect of Aging on Sample 4B1 

&«ina Period* CSTW* Water Wettability 

! n/D c Not wettable 

34 n/D Not wettable 

55 N/D Not wettable 

64 60 Not wettable 

8 In days. 

b In dynes/cm (10 5 newtons/cm). 
c Not determined. 

Table 6 
Effect of Aging on web A 

a giag Period" CSTW* Water Wettability 

4 n/D c Not wettable 

H 36 N/D 

12 36 N/D 

"In months. 

b ln dynes/cm (10' 5 newtons/cm). 
c Not determined. 
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This example demonstrates that aging produces the same 
result as heating, although much more slowly; that is, aging 
results in the slow migration of surface-active agent to the 
surface of the sample. Note the increase in surface free 
energy for Sample 4A1 over time and the associated improvement 
in water wettability. The migration of surface-active agent 
did not occur to an appreciable extent in the absence of the 
fibrinogen coating (compare Table 6 with Table 4). Finally, 
the data of Table 5 demonstrate that the fibrinogen coating 
alone does not age to produce a wettable surface. 

Example 5 

The procedure of Example 1 was repeated, except that a 
number of different proteins, including fibrinogen, were 
employed and samples were air dried in a fume hood after being 
coated. The soaking period with the fibrinogen solution 
remained at 7.5 minutes, whereas for all other protein 
solutions a 60-minute soaking period was employed. The other 
proteins included in this example were bovine serum albumin 
(BSA), Catalog No. A3350; B-casein, Catalog No. C6905; 
lysozyme, Catalog No. L6876; casein acid hydrolysates, Catalog 
No. C9386, all from Sigma Chemical Company; and hemoglobin, 
Catalog No. 100714, from ICN Biomedicals, Inc., Irvine, 
California. Most of the coated samples were heated in a 70°C 
oven for 7 hours. The critical surface tension of wetting 
(CSTW) for each sample, before and after heating, was 
determined as described in Example 1. The data are summarized 
in Table 7; the protein concentrations listed in the table 
are the amounts of protein source as supplied per ml of 
buffer. 
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Table 7 





Summary 


of 


CBTW Determinations 

cstw 


Web 


Type concn,. 


• pf^ore heatino b 




A 








36 




A 


Fibrinogen 


0.2 


58 


lmiQcu « WC L 


A 


BSA 


1.0 


68 


Dart 1 A 1 lv WGt 


A 


BSA 


0.1 


N/D e 


partiaiiy wet 


A 


B-Casein 


1.0 


Partially wet 




A 


Hemoglobin 


0.2 




Immed • wet 


A 


Lysozyme 


1.0 


C Q 
DO 


Partially wet 


A 


Casein hyd. 


1.0 


40-50 


4T AO 

v. H *J 


B 






36 


36 


B 


Fibrinogen 


0.2 


56 


40-44 d 


B 


BSA 


1.0 


58 


<40 


B 


B-Casein 


1.0 


Partially wet 


Not wettable 


B 


Hemoglobin 


0.2 


60-66 d 


40-50 


B 


Lysozyme 


1.0 


68 


40 


B 


Casein hyd. 


1.0 


40 


<40 


6 In mg protein source 


per 


ml of buffer solution. 


b ln 


dynes/cm (10 5 newtons/cm) . 




c Not determined. 









j. ne sauipxc was* * * w w — 

wettable at the lower value. Insufficient sample was 
available to test with Politest surface tension liquids 
having intermediate values. 

All protein coatings on Web A, except B-casein and casein 
hydrolysates, became more water wettable after heating the 
coated web. The fibrinogen and hemoglobin coatings provided 
the roost pronounced increase in web hydrophilicity. 
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Example 6 

Triton® X-102 was applied topically to Webs A and B, both 
as part of and subsequent to treatment of the webs with a 
fibrinogen solution as described in Example 1. Three 
different 0.2 mg/ml fibrinogen solutions were prepared with 
20 mM pH 7 sodium phosphate buffer. The first (Solution A) 
contained only fibrinogen, the second (Solution B) also 
contained 0.04 percent by weight, based on the weight of the 
buffer solution, of Triton® X-102, and the third (Solution C) 
also contained 0.10 percent by weight, based on the weight of 
the buffer solution, of Triton® X-102. Samples of Webs A and 
B were soaked in each solution as described in Example 1, 
nipped without rinsing, and air dried in a fume hood. In 
addition, samples of Webs A and B and samples of fibrinogen- 
coated Webs A and B were soaked for 1 minute in water 
containing 0.12 percent by weight, based on the weight of the 
water (Solution D) , nipped, and air dried in a fume hood. The 
critical surface tension of wetting (CSTW) for each sample was 
determined as described in Example 1. The data are summarized 
in Table 8. 

Table 8 

Summary of C8WT Determinations 



Solution (s) Used 



Web 




_B_ 






CSWT" 


Water Wettability 


A 




X 






<50 


Not wettable 


A 






X 




<50 


Not wettable 


A 


X 








56-62 b 


Not wettable 


A 


X 






X 


N/D c 


Immediately wet 


A 








X 


N/D 


Wettable 


B 




X 






<50 


Slight d 


B 






X 




<50 


Moderate 6 


B 


X 








62 


Slight" 


B 


X 






X 


N/D 


Immediately wet 


B 








X 


N/D 


Wettable 
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The sample was not wettable at the higher value, but was 
wettable at the lower value. Insufficient sample was 
available to test with Politest surface tension liquids 
having intermediate values. 

c Not determined. 

"slight, nonuniform wettability. 
'Moderate, nonuniform wettability. 

The use of fibrinogen and surfactant in the same solution 
(Solutions B or C) did not provide webs with uniform water 
wettability. ESCA determinations (not shown) indicated the 
absence of nitrogen on the surfaces of the webs, suggesting 
that the fibers of the webs were not effectively coated with 
fibrinogen. Treatment of webs with surfactant after the webs 
were coated with protein (Solution A followed by Solution D) 
produced webs having rapid, i.e., immediate, wettability 
similar to that found after heating or aging protein-coated 
webs produced from polypropylene containing a surfactant as 
a melt additive. Thus, water wettability results from a 
protein-coated surface having present thereon a small quantity 
of surfactant. Significantly, the coating of either Web A or 
Web B with fibrinogen, followed by treatment with surfactant, 
produced webs having better wettability properties (more rapid 
wetting) than Webs A and B treated with surfactant alone. 

As pointed out earlier, the rate of liquid penetration 
or the distance a fluid moves between fibers per unit time as 
it penetrates (wets) a porous substrate is directly propor- 
tional to the surface tension of the liguid and the cosine of 
the contact angle of the liquid on the surface of a porous 
substrate. Because the protein coating significantly raised 
the surface free energy of the web (to about 58 dynes/cm or 
about 58 x 10* 5 newtons/cm), the surface tension of the 
aqueous liquid needed to be decreased only a modest amount in 
order to result in wettability. However, the surfactant 
treatment alone must decrease the surface tension of the water 
to less than the surface free energy of the polypropylene 
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surface (36 dynes/cm or 36 x 10 5 newtons/cm) to be wettable, 
and therefore there is less penetration power or movement of 
liquid per unit time than with the webs of the present inven- 
tion. 

While the specification has been described in detail 
with respect to specific embodiments thereof, it will be ap- 
preciated that those skilled in the art, upon attaining an 
understanding of the foregoing, may readily conceive of 
alterations to, variations of, and equivalents to these 
embodiments. Accordingly, the scope of the present invention 
should be assessed as that of the appended claims and any 
equivalents thereto. 
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WHAT IS CLAIMED IS: 

1. A wettable article comprising an article with a 
hydrophobic surface, the surface having a coating comprising 
a surface free energy modifier and a surface-active agent. 

2. The wettable article of claim 1, wherein the 
hydrophobic surface comprises a hydrophobic polymer. 

3. The wettable article of claim 2, wherein the 
hydrophobic polymer is a polyolefin. 

4. The wettable article of claim 3, wherein the 
hydrophobic polymer is polypropylene. 

5. The wettable article of claim 1, wherein the surface 
free energy modifier is a protein. 

6. The wettable article of claim 5, in which the 
protein has a weight-average molecular weight of at least 
about 10,000 Daltons. 

7. The wettable article of claim 6, wherein the protein 
is selected from the group consisting of fibrinogen, albumin, 
casein, hemoglobin, and lysozyme. 

8. The wettable article of claim 7, wherein the protein 
is fibrinogen. 

9. The wettable article of claim 7, wherein the protein 
is hemoglobin. 

10. The wettable article of claim 1, wherein the 
surface-active agent is a polyethoxylated alkylphenol. 

11. The wettable article of claim 1, wherein the the 
surface'free energy modifier has a surface free energy greater 



- 27 - 



WO 96/28602 

PCT/US96/02072 

than that of the surface of the article, but less than the 
surface tension of an aqueous liquid to which the wettable 
5 article nay be exposed. 

12. The wettable article of claim l, wherein the 
surface-active agent is present in an amount effective to 
lower the surface tension of the liquid to a value which is 
greater than the surface free energy of the surface of the 

5 article and equal to or less than the surface free energy of 
the surface free energy modifier. 

13. The wettable article of claim l, wherein the article 
is selected from the group consisting of a film and fibrous 
sheet. 



14. The wettable article of claim 13, wherein the 
article is a fibrous sheet. 

15. The wettable article of claim 14, wherein the 
article is a nonwoven web. 

16. A method of preparing a wettable article comprising: 
forming an article by melt extrusion, at least a portion 

of which is formed from a polymeric composition comprising a 
hydrophobic polymer and a surface-active agent adapted to 
migrate to the surface of the article; and 

coating the surface of the article with a surface free 
energy modifier. 

17. The method of claim 16, wherein the hydrophobic 
polymer is a polyolefin. 

18. The method of claim 17, wherein the hydrophobic 
polymer is polypropylene. 

19. The method of claim 16, wherein the surface free 
energy modifier is a protein. 
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20 The method of claim 19, in which the protein has a 
weight-average molecular weight of at least about 10,000 
Daltons . 

21 The method of claim 20, wherein the protein is 
selected from the group consisting of fibrinogen, albumin, 
casein, hemoglobin, and lysozyme. 

22. The method of claim 21, wherein the protein is 
fibrinogen. 

23. The method of claim 21, wherein the protein is 
hemoglobin. 

24. The wettable article of claim 16, wherein the 
surface-active agent is a polyethoxylated alkylphenol. 

25. The method of claim 16, wherein the surface-active 
agent migrates to the surface of the article in an amount 
effective to lower the surface tension of the liquid to a 
value which is greater than the surface free energy of the 

5 surface of the article and equal to or less than the surface 
free energy of the surface free energy modifier. 

26. The method of claim 16, wherein the article is 
lected from the group consisting of a film and fibrous 



se 
sheet. 



27. The method of claim 26, wherein the article is a 
fibrous sheet. 

28. The method of claim 27, wherein the article is a 
nonwoven web. 

29. A method of preparing a wettable article comprising: 
forming an article by melt extrusion, wheren the artacle 

has a hydrophobic surface; 
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coating the surface of the article with a surface free 
5 energy modifier; and 

treating the coated article with a surface-active agent, 

30. The method of claim 29, wherein the hydrophobic 
surface comprises a hydrophobic polymer. 

31. The method of claim 30, wherein the hydrophobic 
polymer is a polyolefin. 

32. The method of claim 31, wherein the hydrophobic 
polymer is polypropylene. 

33. The method of claim 29 , wherein the surface free 
energy modifier is a protein. 

34. The method of claim 33, in which the protein has a 
weight-average molecular weight of at least about 10 , 000 
Daltons. 

35. The method of claim 34 , wherein the protein is 
selected from the group consisting of fibrinogen, albumin, 
casein, hemoglobin, and lysozyme. 

36. The method of claim 35, wherein the protein is 
fibrinogen. 

37. The method of claim 35, wherein the protein is 
hemoglobin. 

38. The method of claim 29, wherein the surface-active 
agent is a polyethoxylated alkylphenol. 

39. The method of claim 29, wherein the the surface free 
energy modifier has a surface free energy greater than that 
of the surface of the article, but less than the surface 
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tension of an aqueous liquid to which the wettable article may 
5 be exposed. 

40. The method of claim 29, wherein the surface-active 
agent is present in an amount effective to lower the surface 
tension of the liquid to a value which is greater than the 
surface free energy of the surface of the article and equal 

5 to or less than the surface free energy of the surface free 
energy modifier. 

41. The method of claim 29 , wherein the article is 
selected from the group consisting of a film and fibrous 
sheet. 

42. The method of claim 41, wherein the article is a 
fibrous sheet. 

43. The method of claim 42, wherein the article is a 
nonwoven web. 

44. A disposable absorbent product, a component of which 
is the wettable article of claim 1. 

45. A disposable absorbent diaper, a component of which 
is the wettable article of claim 1. 

46. A disposable absorbent feminine care product, a 
component of which is the wettable article of claim 1. 

47. A disposable absorbent incontinent product, a 
component of which is the wettable article of claim 1. 
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